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1. 
Chapter I 
Introduction 
For over a century psychopbysicists have been engaged in studies 
relating the responses of man to energy configurations of the environ-
ment. In some sense modalities endeavours have often led not only to 
the discovery of stimulus-response relationships, but also have sub-
stantially contributed to basic knowledge concerning the underlying 
sensory mechanisms mediating such relationships.( 2 , l5) While visual 
and auditory sense modalities have been extensively investigated, one 
of the least investigated modalities is the kinesthetic sense which 
supplies the organism with information concerning the movement position 
of its bodily members. (l) Furthermore, the major portion of research on 
kinesthesis was not performed with the intent of investigating kinesthesis 
per se, but rather with the intent of solving some practical problems 
concerning man's ability to perform various types of movements under 
various environmental conditions. During World War II designers of com-
plex equipment devices such as aircraft, gunnery, or radar equipment 
realized that efficient operation of such equipment depended a great deal 
on whether the design of the device was adapted to the motor and per-
ceptual capabilities of the operator. As a result, a wealth of data was 
generated on motor abilities, and much of this material has increased 
our knowledge of kinesthesis.(3, 46,) 
In particular, studies of positioning movements have been fruitful 
in generating information about kinesthesis. There are a number of 
reasons for this. A positioning movement is usually a relatively simple 
2. 
type of movement in comparison to most other movements, such as tracking 
or continuous reactions. This in turn facilitates the measurements of 
various aspects of such movement. Furthermore, the relative simplicity 
of positioning movements often enables the determination, control, and 
manipulation of the variables which af'fect such types of movements. (3, 5, 9, 10: 
When made without the aid of vision, positioning movements are primarily 
under the control of kinesthesis, and they therefore can be used as a 
rather direct measure of kinesthetic sensitivity. The accuracy, for 
example, that an individual can attain in making a particular positioning 
movement is certainly a function of kinesthetic sensitivity. Furthermore, 
the variety of ways discrimination can be made in performing a position 
movement can give an indication of the types of dimensions along which 
kinesthesis can be scaled. 
I. The Study of Positioning Movements 
Positioning movement is the term used to describe acts of the 
organism in which limbs of the body are moved from one position in space 
to another specific position. When this type of movement is made with 
the aid of vision, they are referred to as visual positioning movements 
in contrast to blind positioning movements, which are made without the 
aid of vision and are therefore primarily dependent on kinesthesis. 
Each of these two types of positioning movements can further be differen-
tiated into: (1) restricted positioning movements, where an individual 
moves along a confined course; and (2) unrestricted or free positioning 
movements, where the subject moves his hand from one position in space 
to another but where the course of travel is not restricted.(B) 
3. 
In studies of blind positioning movements the terminal accuracy 
of the response is usually the major experimental concern, 'Whereas, 
speed, pattern, and force of movement are usually the main concern in 
studies of visual positioning movements.(B, 9, 20) Where interest is in 
kinesthetic perception blind positioning movements are used. 
Previous studies of positioning movements and kinesthesis have 
demonstrated that individuals are capable of making discriminatory responses 
on the basis of certain characteristics of the movement.(l, 3, 4, 5, 6, 8, 9, 41 
The most important of these characteristics appear to be: 1. Extent of 
movement. This would include not only the distance moved but also the 
starting or terminal points of movement; 2. A Direction of Movement. 
this would include inward movements, outward movements, lateral move-
ments, and azimuth and elevation of movement; 3 . Rate of Movement, and 
4. Force of Movement . Since each of these characteristics can 
independently be manipulated and measured along physical continua, the 
feasibility of psychophysical scaling is apparent. 
A. Force of Movement 
Individuals are capable of making discriminatory responses on 
the basis of the force or effort required to execute a positioning move-
ment. Jenkins, through his investigation of motor adjustments with 
aircraft controls, arrived at some basic data on pressure discrimination.(B) 
Using an aircraft type "joy stick," his subjects attempted to reproduce 
various degrees of pressure. The results, expressed in difference limens, 
i . e. , the average difference that can just barely be detected, indicate 
that below 6 pounds of pressure discrimination is relatively poor but 
improves markedly above that. The Weber ratio above 6-10 pounds is 
4. 
reported as about 8 percent, while below 6 pounds it is about 25 to 35 
percent. In general agreement with the finding that discrimination for 
changes in pressure is fairly good above 6-10 pounds is Henry's finding 
that a 6 percent change in pressure was necessary for subjects to report 
(verbally) a change when the original pressure was from 14 to 28 pounds. (l9) 
However, when the subject's task was not to report perceived change but 
rather to respond by exerting a constant pressure on a stick for which 
the pressure was constantly changing, the average error was only about 
3-4 percent. This would indicate that an individual is capable of 
adjusting to changes in pressure without being conscious or aware that 
such changes are taking place. 
Weiss investigated the accuracy of positioning movements while 
varying the pressure and distance to be moved for a control. He con-
eluded that distance of movement provided more informative cues than 
did pressure for accuracy of positioning, except for very short movements, 
where pressure cues appeared more informative for accurate perfor-
mance. (46, 47' 48) 
B. Rate of Movement 
There is not much evidence concerning kinesthetic sensitivity to 
rate of movement. A few of the early experiments on kinesthesis, those 
by Goldscheider, were involved with the determination of threshold for 
this variable. ( 2 ' 19) Whether measured in terms of the minimum angular 
displacement that could be detected (rate of movement held constant) or 
in terms of the minimum velocity of motion that was discriminable, it was 
found that the shoulder was the most sensitive and the ankle the least. 
At a speed of 0.3 degrees per second a displacement of 0.22 to 0.42° 
could be discerned. The wrist and knuckle of the index-finger were 
nearly as sensitive, While the ankle was found to be the least sensi-
tive, requiring a relatively large displacement of 1.15 to 1.30 degrees. 
Goldscheider's findings have been substantiated by a number of other 
investigations.(l9) 
C . Direction of Movement 
Brown, Knauf, and Rosenbaum had subjects make restricted blind 
positioning movements in various directions and distances by moving a 
slider along a groove in a panel.(5) The panel was placed in various 
positions with respect to the seated operator. Six different directions 
of movement were tested, these being: (1) vertical, from top to 
bottom; (2) vertical, from bottom to top; (3) horizontal, from near 
to far; (4) Horizontal, from far to near; (5) horizontal, lateral 
from the center of the body to right; and (6) horizontal, lateral from 
the right to center. Four different distances of movement were used: 
0.6, 2.5, 10, and 4o em. Irrespective of the distance information, 
which will be discussed in the next section, it was found that move-
ments awey from the body are somewhat more accurate than those toward 
the body. However, variability was greater with movements aws:y from 
the body. 
Fitts studied the ability of individuals to make unrestricted 
blind positioning movements for constant distance but for different 
directions. (8' 9' 45) Twenty targets were arranged symmetrically 
5. 
around the subject, each target being 30 inches from the nearest shoulder. 
6. 
The targets were arranged in three horizontal rows, one at shoulder 
height, another 45 degrees above shoulder height, and a third 45 
degrees below shoulder height. The horizontal positions of the targets 
were 0 degrees (directly in front of the subject) and 45, 90, and 135 
degrees to the right and the left. Accuracy was best for areas directly 
in front of the subject (target 0 degrees, middle tier), the average 
error being 2.1 inches. Accuracy for the 0 degrees target, upper tier 
was nearly as good, the average error being 2. 5 inches. Accuracy 
decreased as one moved to the sides, being vehY poor beyond 90 degrees. 
Individuals tended to reach too low for targets above the level of the 
shoulder and too high for targets below shoulder level. 
Briggs dealt with the combination of speed and accuracy for 
various angles of movement in the horizontal plane.(45) With 0 degrees 
being the straight ahead direction from the mid-line of the body, it was 
found that accuracy was greatest when the movements were made in the 
direction of 60 degrees to the right of center. In general, accuracy 
dropped rather consistently from this position to 120 degrees left. 
Caldwell and Herbert investigated the ability of individuals to 
judge angular position in the horizontal plane on the basis of kinesthetic 
cues from movement of the arm.(6) The subject's arm was placed in a 
well padded ridged sleeve suspended from an arm connected to a freely 
moving vertical shaft. The subject was seated so that the shoulder 
joint of his right arm was directly beneath the vertical shaft. With 
his arm extended in the sleeve the subject could sweep his arm to the 
left and right, the vertical shaft being the pivot point. Zero degrees 
was when the subject 's arm was pointed straight ahead, 90 degrees when 
it was extended directly to the right. The subject was then asked to 
estimate the direction of various objects by pointing to them. The 
starting position for each judgment was varied. Subjects were most 
accurate in estimating the 0 degrees position. Angles of 10 and 90 
degree were also judged quite accurately. The regions of least accu-
racy were from 20 to 4o degrees and 6o to 8o degrees. The mean 
error ranged from less than one degree at the position of greatest 
accuracy to about 6 degrees at the position of least accuracy. 
D. Extent (Distance) of .fvbvement 
In the study mentioned in the previous section by Brown, Knauff 
and Rosenbaum, the accuracy of movement was studied as a function of 
extent as well as direction. The subjects made blind positioning move-
ments for distances of 0.6, 2.5, 10, and 40 em. Each stimulus distance 
was presented visually for 2.5 seconds, the lights were then extinguish~d 
and the subject attemtped to produce the movement he had just seen. 
The results for the most accurate movement, horizontal movements 
from near to far, indicated that there was a tendency to overshoot the 
intended mark at shorter distances (less than 4 inches) and to undershoot 
at longer distances (4 to 15 inches). The absolute size of the error 
made by the subjects increased with the longer distances. However, the 
percentage error was greatest at short distances, about 50 percent, and 
decreased with distance to about 2 percent at 15 inches. At distances 
greater than 4 inches the percentage error remains approximately con-
stant at 2 to 5 percent. .Absolute variability increases with distance 
from about 0.23 em at the standard of 0.6 em to about 2.84 em at the 
standard of 40 em. Proportionate variability, however, decreased with 
distances from about 60 percent at the shortest distance to 6 percent 
at the longest distance.(5) 
Brown and Knauff measured the effects of changing the distance 
from the body at which IllOVements were started on the accuracy of the 
movement.( 4 ) They had subjects make blind restricted positioning 
movements, 10 em in length, but which terminated at distances of 20, 
30, 40, or 50 em from the body. They found that the accuracy with 
which the movements could be terminated at a desired point was not a 
function of the distance from the body at which it is executed when 
length of movement remains constant. The mean constant error was • 72 
em. These findings indicate that it is the extent of the movement 
made and not so much the starting or terminal point that is the impor-
tant factor in accuracy. 
Spragg, Devoe and Davidson investigated extent of IllOVement by 
having the subject sample a given extent of arm movement by IllOVing a 
rider back and forth on a track and the attempting to either halve 
that extent or to duplicate it. (23, 24 ) The subjects attempted to halve 
movements of 6, 12, 18 and 24 em and to duplicate IllOvements of 4, 8, 12, 
and 18 em. It was found that the proportional accuracy was greater 
for duplication than for bisection. The accuracy for bisection does 
not improve with distance and the proportional accuracy remains 
essentially the same for all extents. A Weber function of 19 percent 
was found; i. e., on the average a subject attempting to halve a 
sampled linear extent under the conditions of this experiment deviated 
by about 19 percent from the true physical extent he was attempting 
to approximate. The accuracy for duplication of extent unlike the 
B. 
bisection, was clearly a function of' distance. The proportional 
accuracy was greater for longer distances (8 to 18 em) than for the 
shorter distances, going from about 11 percent at the shorter distance 
to less than 1 percent at the longer distances. 
In general, the results of' this study and the study of' Brown, 
Knauff' and Rosenbaum complement each other. However, in the Spragg 
study accuracy was a little greater, but this probably was due to 
procedural dif'ferences.( 45) In the Brown et. al. study, subjects 
sampled the distances to be moved visually; i. e., they looked at the 
extent they were to move, and then made the movement. In the Spragg 
study, the subjects sampled the extent by actually making the movement, 
thus allowing greater tactual-kinesthetic stimulation. 
The results of both experiments indicate that: (1) accuracy is 
greater for duplication of movement than for bisection; (2) the 
relative accuracy of movement increases as distance to be moved in-
creases, and this holds not only for average error, but also for 
variability as well; and (3) constant errors are positive for short 
distances, but become negative for longer distances; i. e., individuals 
overestimate short distances and underestimate long ones. This 
phenomenon has been demonstrated in many other situations. ( 49) Small 
stimuli tend to be overestimated, large ones underestimated. Elison 
found this phenomenon with tracking movements and called it the range 
effect. (9) He found not only that long movements were underestimated and 
short ones overestimated, but also that if a movement which was the 
shortest in one series, and thus overestimated, was placed in another 
series where it now becomes the longest movement, it would tend to be 
underestimated in this second series.(9, 46) 
9. 
II. Psychophysical Scaling 
A. The Quantification of Sensation 
A century ago Fechner stated that the magnitude of sensation 
grows as the logarithm of the stimulus or ~ = k log s, where~ 
sensation, k is a constant, and S is equivalent to the stimulus. 
Fechner's law is founded on the idea that sensations can be measured 
by counting its constituent units, thought by Fechner to be just 
noticeable differences. Fechner assumed, of course, the validity of 
Weber's law. He also made the added assumption that the subjective 
sixe of the JND's was constant. It was his notion that by summing 
JND's scale of sensory magnitude could be obtained, and that each 
added JND contributed an equal increment to the total subjective 
effect of the stimulus. The implication of this law is that a 
stimulus 20 JND' s above threshold is perceived as twice as great as 
one 10 JND' s above threshold. The empirical evidence does not confirm 
th . (33, 36, 41) ~s. 
The Fechnerian attack on the problem of sensation has been 
viewed by some as an indirect approach via resolving power or least 
detectable differences. His assumption was that psychological units 
of magnitude or intensity can be equated with units of discriminability. 
Scales developed in this manner turn out to be scales of intensive mag-
nitude, i. e., scales which enable one to tell whether one sensation 
is greater than another without, however, permitting one to say how 
much greater.( 28 ' 31' 33 ) 
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Stevens maintains that scales are devised for the purpose of 
facilitating the description of natural phenomena, if possible, by 
the symbols of conventional mathematics. It is desirable to assign 
numbers in the scale which not only denote the order within the scale 
but also designate the relative magnitudes of the phenomena to which 
the scale is applied.(7, 28) 
In the case of sensation what is wanted is a scale for the 
measurement of some aspect of the response of an individual to a certain 
class of stimuli. What is desirable is to attain a degree of 
correspondence or relationship between the numbers that are assigned 
and the experience of the observer to which they are assigned. Thus, 
the scale would be satisfactory if the magnitude of the attribute of 
sensation to which the number 10 is assigned should appear to be half 
as great to the experiencing individual as that to which the number 20 
is given and twice as great as the magnitude to which the number 5 is 
given. With such a scale the operation of addition consists of changing 
the stimulus until the observer gives a particular response which in-
dicates that given relation of magnitudes has been achieved. In other 
words, a subjective scale is a scale of response, and the response of 
the observer who says "this is half as long as that" is one which, for 
the purpose of erecting a subjective scale, can be accepted at its face 
al (28, 39) v ue. 
According to Stevens then, a scale, which would enable one to 
designate the intensive magnitude of an attribute of sensation can be 
constructed according to the following criterion: When a particular 
number N is assigned to a given magnitude, the number N/2 shall be 
11. 
assigned to the magnitude which appears ha.l:f as great to the experiencing 
individual. 
Thus, a scale for the various attributes of kinesthesis could be 
devised. The experience which depends upon stimulation by movement can 
be described by four numbers, one each for its position on the four sub-
jective scales of extent, direction, rate, and force. In developing 
the scale, the subjective judgments of the observer provide the ultimate 
test of the validity of the numbers on the scale as representative of 
degrees of, for instance, perceived extent of movement. Of course, the 
utilization of the observer's discriminations in this way presupposes 
that he is capable of making valid judgements of the numerical ratio of 
one impression to another. If the observer is able to make what can be 
accepted as valid judgements of the ratio of two extents of movements, 
the problem becomes simply one of finding the particular ratio and the 
experimental conditions which will make the judgments most reliable. (30) 
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These methods which require the observer to make direct assessments 
of sensory magnitude have been used extensively during the past thirty 
years. Included in these "direct" scaling techniques are the methods 
of fractionation, multiplication, or the ratio production methods, as 
they are called. Also included are the inverse of these methods, the 
ratio estimation techniques. These scaling procedures will be discussed 
more fully in a later section. 
B. The Quantification of Sensation: The Approach of s. s. Stevens 
A new approach to the scaling of subjective magnitude stems from 
the work of S. S. Stevens and his associates on the behavior of various 
sensory continua. While much of this work has been concerned with 
psychophysical methodology, i. e. , the study of method per ~' the main 
concern has been with the classification of various psychological 
continua by the pragmatic criteria of the way they behave. This has 
been accomplished for a number of continua either through the experi-
ments of Stevens and his group or by the re-evaluation of past experi-
mental efforts of others. This work has generated not only valuable 
empirical evidence and hypotheses concerning specific continua, but also 
general hypotheses concerning "psychophysical law." 
1. Prothetic and Metathetic Continua 
According to Stevens, sensory continua of subjective magnitude 
seem to divide themselves into two classes.(J3) The prototypes of 
these two kinds of continua are exemplified by the auditory attributes 
of loudness and pitch. Loudness is an aspect of sound that has about 
it what can be best described as degrees of magnitude or quantity. 
Pitch does not. Rather, it varies from high to low; it has a kind of 
position and in a sense is a qualitative continuum. In a sense, then, 
the nature of this division is suggested by the traditional dichotomy 
between quantity and quality. Continua having to do with "how much," 
such as loudness, belong to what Stevens has called prothetic continua. 
Continua having to do with what kind or where (position) belong to a 
class known as metathetic continua. The criteria that define these two 
lj. 
classes of continua reside wholly in how they behave in psychophys~cal 
experiments, but the labels were selected on the basis of the possible 
type of physiological mechanism underlying discrimination. With 
loudness, for example, discrimination appears to be based on an 
additive mechanism by which excitation is added to excitation at the 
physiological level. Thus the label "prothetic" which derives from 
the Greek word "to add." The discrimination of pitch on the other hand 
behaves as though it is based on physiological mechanism that sub-
stitutes excitation for excitation, i. e., changes the locus of excita-
tion. Thus the term "metathetic" which derives from a word meaning 
"to change" or "substitute." Too little is known about physiological 
mechanisms to say whether all prothetic continua are really based on 
additive processes or all metathetic on substitutive.(33) Also it is 
an extremely risky procedure to attempt to postulate physiological 
mechanisms on the basis of psychological data. However, it must be 
admitted that in those instances where the facts seem clear the parallels 
between function and physiology are at least suggestive, and it is often 
difficult to avoid the temptation of postulation about physiological 
mechanisms. Stevens, however, rarely speculates about the physiology 
when it comes to defining the two types of continua. Rather, he offers 
four functional criteria to distinguish between prothetic and metathetic 
continua, although all have not been tested with equal thoroughness. ( 33 ) 
2. Distinction Between Prothetic and Metathetic Continua 
a. In a previous section it was stated that empirical evidence 
does not support the Fe~erian notion that just noticeable differences 
are subjectively equal, at least on the prothetic continua. If, for 
14. 
example, a subject were presented two tones, one 50 and the other 100 
JND's above the loudness threshold, he would assert with great consis-
tency that the ratio between the two sensations is greater than two. 
On a metathetic continuum just noticeable differences turn out to be 
approximately equal in subjective size when measured against the mag-
nitude scales of the continuum. The linearity between the mel scale of 
subjective pitch and the JND scale for frequency is a case in point. 
b. The category rating scale is the function obtained when a 
subject judges a set of stimuli in terms of a set of categories 
labelled either by number or by adjective. The form of these scales is 
different on the two kinds of continua. The category scale when 
plotted against a ratio scale of subjective magnitude is concave downward 
on a prothetic continuum. On a metathetic continuum it may be linear. 
On a prothetic continuum the subject's sensitivity to differences 
measured in subjective units is not constant over the scale, whereas 
on a metathetic continuum sensitivity appears to remain relatively con-
stant. 
There are two other criteria which help to distinguish between 
the two classes of continua, although the evidence regarding these is not 
as clear-cut as for the two above mentioned criteria. As such they 
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will be mentioned only briefly. They have to do with the so-called "time-
order error" and a phenomenon known as hysteresis. 
c. The "time-order error," which refers to the fact that the 
second of two equal stimuli tends to be judged greater than the first, 
typically appears on prothetic continua but not on metathetic continua. 
d. HYsteresis is the term used by Stevens to describe what 
happens when the apparent sense distances between successive stimuli 
are judged in different order, i. e., ascending and descending. For 
example, in experiments on judgments of loudness which use the method 
of bisection when the subject listens to the loudness in ascending and 
descending order he typically sets the bisecting level some 5 to 8 db 
higher in the ascending order. This phenomenon is more connnonly found 
on prothetic continua. There is very little data concerning hysteresis 
on metathetic continua. What little there is seems to indicate that 
this phenomenon does not occur on metathetic continua. 
These four criteria and mainly the first two can be used to 
divide the sensory continua into two classes, prothetic and metathetic. 
Clear examples of these classes are in evidence. Such scales as 
apparent length, area, numerousness, duration, heaviness, lightness, 
brightness, and loudness are reasonably clear examples of prothetic 
continua. Metathetic continua include disceiminations of visual posi-
tion, inclination, proportion, and pitch. 
It must be remembered, however, that not all continua necessarily 
fall neatly into one or the other classes. It may be that some continua 
will twm out to be a combination of both prothetic and metathetic con-
tinua. 
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C. The PsychophysicaJ. Law 
Arising from the work of stevens is a growing amount of evidence 
to indicate that on a prothetic continuum the form of the "psychophysicaJ. 
law" is a power function; i. e., the sensation is proportional to the 
stimulus raised to a power or 
where ~is the sensation magnitude, k is a constant, and S is a stimulus 
magnitude. This formula is, of course, different from that proposed by 
Fechner which stated that the magnitude of sensation grows as the 
logarithm of the stimulus. In the power function the exponent may vary 
from one sensory continuum to another. The important point is, however, 
that this simple quantitative law has been shown to hold for many 
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dal ·t· (11, 18, 26, 27, 28, 33, 34, 37, 38, 4o, 41, 43) A 1~~ sensory mo l les. ~ 
of this form seems to govern our reactions to light, sound, taste and 
smell, cold, vibration, and shock. The typical input-output relation for 
all prothetic continua thus far tested by Stevens has been a power func-
tion. The magnitude of the exponent has ranged from about 0.33 for 
brightness to about 3·5 for the apparent intensity of electric shock 
applied to the finger. If the exponent is greater than 1, it indicates 
that the sensation grows more rapidly than the stimulus; if it is less 
than 1, it grows less rapidly than the stimulus magnitude. 
The basic principle involved in the power law is that equal 
stimulus ratios produce equaJ. sensation ratios. In order to make one 
lifted weight seem half as heavy as another, the original weight must be 
reduced by about 38 percent, and this percentage reduction is approxi-
mat ely constant over a wide range of weight. 
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D. Ratio Scales of Kinesthesis 
Resulting from the studies of positioning movements have been 
scales demonstrating the relationship between such stimulus configura-
tion as extent or direction of movement and usually such response 
measures as the constant or average error of the movement.(3, 4' 5, 6, 
20, 22, 23, 24) The Units of the scales are ones of discriminability, 
resolving power, and just noticeable differences. These scales were 
probably viewed as being more valuable for deciding on the spacing of 
manual controls than as an indicator of kinesthetic sensation. There 
has not been the attempt in the study of kinesthesis, as there has been 
in the other sensory areas, to equate these scales with measurement of 
the subjective magnitude of sensation. With three exceptions, we do 
not find scales of kinesthetic attributes, such as the "sone" scale or 
the "mel" scale in audition, or the "bril" scale in vision or the "gust" 
scale in gustation. These latter scales express the relationship between 
the subjective magnitude of sensation and stimulus intensity. 
There have been developed three scales of subjective magnitude 
for continua that are at least in part mediated by kinesthesis. 
However, for all three, tactile sensitivity plays a significant role. 
One of the three scales is the "veg" scale for the subjective magnitude 
of heaviness, derived from the lifted weight experiments. 
Probably no one phenomenon in psychology has been studied more 
than the judgment of heaviness.( 49) Some of the studies of heaviness 
have been performed for the purpose of establishing a ratio scale of 
apparent weight. They all present results which substantiate the 
power law; i. e., the subjective magnitude of weight grows as a power 
function of physical weight. By pooling all available data concerning 
this continuum, Stevens has suggested the following relationship: 
V = o.00126wl· 45, where Vis subjective weight in "vegs" (1 veg 
corresponds to 100 gm.) and W is weight in grams. ( 41 ) When category 
scale or scales of discriminability, of which there are a great number 
for this continuum, are plotted against the veg scale they are all 
concave downward, indicating that subjective weight is a prothetic 
continuum. 
Another scale involving kinesthetic judgments has been developed 
for the subjective impression of thickness or finger span. The con-
tinuum turns out to be a power function with an exponent of 1. 33. The 
unit of this scale is the "pak," which is loosely derived from the Greek 
word for "thickness," and is taken as the apparent thickness of the 
stimulus 2.5 mm thick. In terms of this unit the scale is defined by 
the equation P = .296s1 ·33, where Pis subjective thickness in paks 
and S is stimulus width in millimeters. When the category and JND 
scales are plotted against the ratio scale, they too turn concave down-
ward, indicating a prothetic continuum.( 43) 
The third continuum developed recently by J. C. Stevens and Mack, 
using a hand dynamometer, is one on the apparent magnitude of force. It 
w:as found that the apparent magnitude of force of hand grip grows 
approximately as the 1. 7 power of the force exerted. ( 26 ) 
1:1. 
The evidence that has been accumulated on the ratio scaling of 
continua that are at least partially dependent on kinesthesis shows 
that scales of subjective magnitude are power functions with exponents 
from l. 33 to l. 7 and that they all behave as prothetic continua. 
E. Psychophysical Methods 
According to Stevens the most direct approach to the scaling of 
sensory magnitude employs a method whereby the observer makes a direct 
estimate or judgment of the magnitude of sensation. The chief direct 
response techniques are the well known ratio production methods, 
fractionation and multiplication, and the inverse of these methods, 
ratio estimation.C 33 ' 35, 44 ) In ratio estimation the experimenter, 
for example, might present two or more stimuli and ask the subject to 
name the ratio between them or to express the ratio by dividing a given 
number of points between them. 
In recent years, however, Stevens has relied more on another 
method, one which, in his own words, 
" has proven superior to fractionationj so much so that 
unless some unexpected evidence turns up, I would anticipate 
no further need to use the method of fractionation for 
scaling purposes."(39) 
This method dispenses with ratios as such and requires the subject to 
assign numbers to a series of stimuli under the instruction to make 
the number proportional to the apparent magnitude of sensation. With 
this method there is direct quantitative assessment of subjective mag-
nitude. (3l) The method is known as magnitude estimation, and it pro-
vides the kinds of data necessary for the construction of ratio scales. 
The evidence that has been accumulated over the past several years 
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demonstrates that this method provides a simple, direct means of 
determining a scale of subjective magnitude. 
With this procedure a standard stimulus is presented and an 
arbitrary number is assigned to its subjective value, i. e., 1, 10, 
or 100. Then a comparison stimulus is presented and the subject 
decides what number he thinks should be assigned to the magnitude of 
the comparison stimulus. It is not uncommon with this procedure to 
omit the standard altogether and allow the subject to establish his 
own standard. There are of course experimental biases associated with 
this method as there are with most psychological techniques. To a 
certain extent these can be minimized by certain experimental proce-
dures.(30, 32, 33, 39) 
The results of this method agree quite well with the ratio 
production methods of fractionation and multiplication as demonstrated 
in a number of studies. It should be pointed out, however, that the 
use of these direct scaling techniques has not been without criticism. 
One of the most vociferous dissenters has been w. H. Garner. 
Garner maintains that the methods which make use of the Fechnerian 
assumption that units of discriminability are more legitimate, valid, 
and useful for the scaling of' sensory intensity than are those methods 
which make use of various types of direct responses by the observer. 
However, when Garner speaks of direct response techniques he is 
referring primarily to the method of fractionation.< 12 ' l3, 14 ) 
In terms of many of the criticisms that have been directed 
against fractionation, the method of magnitude estimation has proven 
far superior being quite insensitive to many of the factors that are 
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capable of changing the results of the fractionation procedure.( 25, 39) 
As previously stated, when a scale is devised by the moethod of 
category judgment, i. e., stimuli are judged in terms of a set of 
categories labelled by number or adjective this scale when plotted 
against a scale of magnitude estimation is concave downward on a 
prothetic continua.< 33) This means that successive intervals along 
the rating scale are not equal in subjective magnitude. On metathetic 
continua the intervals may be equal in subjective size; thus the category 
scale is linear when plotted ~ainst that magnitude estimation scale. 
Because of the fact that the shape of the category scale is 
easily influenced by a number of experimental variables one of the 
most important of which is the spacing of the stimuli. Stevens has 
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(26 33, 41) proposed the use of another method, the inverse of category rating. ' 
This method known as category production supposedly overcomes many of 
the biases associated with category rating. Instead of asking the 
observer to assign categories to the stimuli, the experimenter names 
the categories in irregular order and the observer adjusts the stimulus 
to produce his conception of each category. Examples of the extreme 
categories may be presented to the observer at the onset. Stevens has 
found that this method gives directly a close approximation to the 
"pure" category scale that would be obtained from category rating only 
by continually modifying the stimulus spacing. ( 26 ' 41 ) 
The fact that the results of category scaling or scaling based 
on discriminal differences are different from the results of the scaling 
of sensory magnitude indicates that different processes are involved. 
At least there have been no indications that the judgments of magnitude 
are in any way related to the judgments based on discussion. 
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III. Purpose of' Present Study 
Especially lacking in the area of' kinesthesis is knowledge 
concerning the nature of' the psychophysical relations. With only the 
f'ew exceptions noted in the introduction there has not been developed 
f'or kinesthetic sensation the ratio scales of' subjective magnitude that 
are f'ound f'or other sense modalities such as the "sone" scale f'or 
loudness, the "bril" scale f'or brightness, or the "gust" scale f'or 
tast. 
This study is directed toward the quantif'ication of' one aspect 
of' kinesthetic sensation, namely the sensory attribute of' extent of' 
movement. Using a similar approach to sensory quantif'ication as that 
employed by S. S. Stevens the attempt will be to develop a ratio scale 
of' subjective magnitude f'or this attribute. 
The study of' blind positioning movements can lead to a direct 
assessment of' kinesthetic sensitivity since these movements are 
primarily under the control of' kinesthesis. The use of' this response 
is especially applicable to dimensionalizing the main attributes of' 
movement, namely, extent, direction, rate and f'orce of' movement. 
The intended scale of' kinesthesis (extent of' movement) will 
be developed through use of' blind positioning movements, using the 
psychophysical technique of' magnitude estimation. In an attempt to 
substantiate the intended f'unction and to determine what psychophysical 
method is most f'easible f'or the quantif'ication of' this behavior the 
traditional f'ractionation techniques (halving and doubling) will also 
be employed. 
The expectation is that this scale of sensation will be related 
to the physical dimension of movement by the power function law. This 
relationship which states that sensation is a function of the stimulus 
raised to a power ( 'f' = Sn) has been found by s. S. Stevens to hold on 
over a dozen sensory continua. 
In addition to the psychophysical power law Stevens has presented 
the argument that sensory continua can be classified as belonging to one 
of two classes of continua which he has labelled as prothetic or meta-
thetic. One of the main criteria for classification into one of these 
two groups is the manner in which a category rating scale of a sensory 
continuum behaves when plotted against a scale of subjective magnitude 
of the same continuum. It is the intent of the present study to explore 
this aspect of Stevens' thesis and attempt to classify the scale for 
extent of movement as prothetic or metathetic. 
24. 
I. Procedure 
A. Apparatus 
Chapter 2 
Method and Procedure 
The apparatus consisted of a track in the shape of an I beam 
which was placed in the center of and ran the length of a plywood board, 
26 inches wide, 36 inches long. Alongside the length of the track, 
1/4 inch away and at one-inch intervals, was a series of holes. Also 
running the length of the track, on the same side as the holes but 
1/2 inch from the track, was a 3-foot rule attached to the board. A 
slider was attached to the track so that it fitted snugly yet could be 
moved up and down the track szrcothly and easily. The top of the slider 
consisted of a plastic mold designed to accommodate the middle three 
fingers of a.n individual. A small wooden block with a rod through it 
was so designed that it could be plugged into the holes along the side 
of the track, thus preventing movement of the slider beyond that point. 
This whole apparatus, shown in Figures 1 and 2, rested on a 
table which was 22 inches wide, 30 inches from the floor. The table 
was attached to the floor. Also bolted to the floor at the narrow end 
of the table was a chair, the seat of which was 18-1/2 inches from the 
floor. The apparatus board was so attached to the table that it could 
be slid toward or away from the chair without moving the table. When 
the board was moved "in" toward the chair, the end of the track was 10 
inches from the seat reference point. This end point, which was quite 
close to the subject's body, was the position from which all movements 
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were started; i. e., this is the position it was in during the conduct 
of the experiment. There were straps attached to the seat so that the 
subject could be strapped in. The straps passed over the shoulder and 
attached to the seat on the opposite side. 
B. Subjects 
Twelve male college students, all between the ages of 20-30 
years, were used. Since it was considered a possibility that perfor-
mance of the task might be somewhat affected by the physical dimensions 
of the individual, especially the arm length, the subjects were selected 
according to the following criteria~( 44 ) 
Central Tendency Range 
Weight 155 lbs. 14 3-166 lbs. 
Height 5 I 6"- 5 I 10'' 
Anterior arm reach 35" 37" -33" 
II. Method 
A. General 
The attempt was to construct a scale of subjective magnitude for 
extent of arm movement employing three different psychophysical 
techniques namely magnitude estimation, ratio production (halving and 
doubling a standard stimulus) and category production. The procedure 
for each of these methods will be explained separately. There were, 
however, some procedural features which were common to all, and which 
will be discussed first. 
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The basic task of the individual was in all cases first to make 
a blind positioning arm movement and then to make an instructed response 
on the basis of this movement, the particular response depending on 
what psychophysical method was being employed at the time. For 
example, if the method was that of ratio production, the subject made 
the standard :roovement and then made an excursion which was one-half the 
extent or double the extent of the standard. Blind positioning move-
ments were employed because they provide a direct index of kinesthetic 
sensitivity, they being free of other sensory cues. 
The subject was seated in the chair, strapped in, and blind-
folded. The apparatus was always covered until the subject was blind-
folded, so at no time did the subject see the apparatus. This was to 
minimize the possibility of an anchoring effect being developed from 
the subject 1 s seeing the end points of the scale. The apparatus board 
was :rooved to the "in" position. The experimenter placed the subject 1 s 
hand on the slide to get him in position and then read the instructions 
to the subject. In all of the techniques, magnitude estimation, 
category production, and ratio production, the standard movement, i. e., 
the extent on which the subject was to base his comparison judgment, 
was presented in the same manner. 
29. 
The starting position for all movements was the same. The 
experimenter placed the stop at the desired place along the track and 
instructed the subject to move the slider as far along the track as 
possible. The subject always moved out to the stop, back to the starting, 
out to the stop and then back to the starting position. In other words, 
he always made the standard or reference movement twice. By moving 
out to the stop twice the subject obtained an idea of its position so 
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on the second excursion to the stop he did not have to move so cautiously 
as he so often did the first time. Thus it was felt that rate of 
movement was controlled to some extent. At least wide differences in 
rate were eliminated. This also prevented the subject from running 
into the stop with great force, a factor which has been shown to have 
an effect on subsequent judgments concerning the movement. (5) After 
the subject came back to the starting position for the second time he 
indicated the instructed response depending on what part of' the 
experiment he was performing. Each of' the twelve subjects went 
through all procedures, the order of presentation being different for 
each subject. 
B. Magnitude Estimation 
In the section of the experiment using the technique of magnitude 
estimation the subject made numerical estimates of' the various movements. 
The following instructions were given. "You are going to make a number 
of movements with your arm. You are going to move this slider ( experi-
menter placed subject's hand on slider) along a track in front of you. 
(subject roc>ved slider up the track) The movements will always start 
from this position. The length of the movements will vary. You are to 
move up the track until you come to a stop. I will change the position 
of the stop for each movement. When I tell you to go, you will move to 
the stop, back to the starting position, out to the stop again, and 
then back to the starting position. In other words, you will make each 
movement twice. 
At the beginning of the trials you will make a movement which 
we will call the standard. We will assign the number 10 to the stan-
dard. Your task is to assign numbers to the movements which you feel 
are proportional to the length of the movement. In other words, if 
you call the standard 10, what would you call the other movements? 
Use whatever numbers seem appropriate even fractions. For example, if 
the movement seems three times as long as the standard, say 30, if it 
feels one-half as long, say 5, one-tenth as long, 1. 
Try not to worry about being consistent. Try to give the 
appropriate number to each movement according to how it feels to you 
at the time -- regardless of what you may have called some previous 
movement. 
Tell me the number after you have returned the slider to the 
starting position for the second time. I will tell you when to start 
again. Are there any questions? I will now give you the standard. 
Remember the standard is called 10." 
After giving the instructions, the experimenter presented the 
standard to the subject. The standard to which the number 10 was 
assigned was a seven-inch movement. The subject made estimations of 
seven distances presented in random order, their lengths being 1, 2, 
3, 7, 11, 15 and 21 inches. These distances allowed for a sufficient 
number of points for an adequate picture of the function to be 
obtained. The maximum of 21 inches was chosen as the limit because of 
the fact that it was rather difficult for a seated person to reach 
beyond this point. The subject was given 21 trials (each movement 
presented 3 times in random order) in succession with no rest interval 
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between trials. After the twenty-first trial a three-minute rest 
period was given. The standard was presented again and 21 more trials 
were given. These 42 trials constituted one session. The next day the 
procedure was repeated. In all the subject was given 84 trials of 
magnitude estimation making 12 judgments for each of the seven stimulus 
positions. 
C. Category Production 
The basic task of the subject with this procedure was to make 
movements which he felt belonged to one of seven equally spaced 
categories,after experiencing the first and seventh categories the 
following instructions were given: "You are going to make a series 
of movements with your arm. You are going to move this slider (the 
subject's hand was placed on the slider) along a track in front of you 
(subject moved the slider). The movements will always start from this 
position. First I am going to have you make two movements, one a 
short and one a long one. You will make each of these movements by 
moving the slider up the track until you hit a stop, back to the 
starting position, out to the stop again, and back to the starting 
position. In other words, you will be making each movement twice. 
The short movement belongs to category one. The long movement 
belongs to category seven. After you have made these two movements, I 
will then ask you to make movements that belong to one of seven equally 
spaced categories. For example, I will tell you to give me a 4 and 
you will make a movement that you feel belongs to the fourth category. 
Any questions?" 
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After the instructions the experimenter presented the subject 
with the short and long movements, the lengths of which were 2 and 19 
inches respectively. The subject moved out to each of these positions 
twice. The experimenter would then name a category and the subject 
would make the movement. The length of the movement was recorded from 
the reading on the ruler next to the track. A pointer attached to the 
slider extended out over the ruler to permit easy, accurate readings. 
The subject was given each of the seven categories three times 
for a total of twenty-one successive trials. These categories were 
presented in random order. The subject was then given a three-minute 
rest after which he was given the short and long movements again and 
then twenty-one more trials. This constituted one session. The same 
procedure was given again the next day. The subject was asked to 
produce each of the seven categories twelve times for a total of 
eighty-four trials. 
D. Ratio Production 
The task of the subject with this procedure was to either half 
or double standard movement. The subjects when undergoing the frac-
tionation procedures were given the following instructions: 
1) Halving: 
"You are going to make a number of movements with your arm by 
moving this slider (placed subject's hand on slider) along a track in 
front of you (let subject's hand move up the track). The movement will 
always start from this position. The length of the movement will vary. 
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You will move up the track until you come to a stop. When I tell you 
to start you will move to the stop, back to the starting position, out 
to the stop, and then back to the starting position. In other words, 
you will make each movement twice. Upon returning to the starting 
position for the second time, you will then make a movement that is one-
half the length of the movement that you have just made. When you get 
to the point that you feel is one-half, hold the slider there until I 
tell you to return it to the starting position." 
The subject was required to halve movements of 1, 3, 7, 11, 15, 
and 21 inches in length. Each one of these movements was presented to 
the subject seven times in random order. The 42 trials comprised the 
session. The responses of the subject were recorded from the ruler. 
2) Doubling: 
The subject was given essentially the same instructions that 
were given in the halving series except that he was told that, upon 
returning the slider to the starting position for the second time, he 
was to make a movement that was twice the length of the one he just 
made. The subject was required to double movements of 1, 2, 3, 7, and 
11 inches in length. He made seven judgments for each of the five 
lengths for a total of thirty-five trials. The order of stimulus 
presentation was random. 
34. 
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Chapter 3 
Results and Discussion 
A. Ma.gnitude Estimation 
The task of the subject with this procedure was to make a series 
of arm movements ranging from 1 to 21 inches in length and to atte;mpt 
to assign numbers to the movements which were proportional to their 
length. At the beginning the subject made a standard movement, 7 
inches in length, and was told to call it 10 • He was given this standard 
once at the beginning and once in the middle of the session after he 
had made 21 movements. In all, the subject made 42 magnitude estimations 
per session for two sessions held on consecutive days. 
Figure 3 presents the data on magnitude estimation with the median 
estimation plotted against the reference movement in inches • Each point 
on the curve represent 144 estimates or 12 estimates each by the twelve 
subjects. Medians were plotted since the distributions of estimates 
were skewed as is usually the case with the method of magnitude esti-
:t . ( 29' 31' 41) al 1. th . t art .1 ma ~on. The vertic ~nes represent e ~n erqu ~ e 
ranges of the estimations of each reference movement. The plot of the 
data was obtained by the method of least squares and the correlation 
coefficient of the fit of the observations to the fitted line is .9984. 
The median estimates fall on a straight line on a log-log plot 
indicating that the apparent or subjective extent of movement is a 
power function of the physical distance, i.e., it conforms to the equation 
where 'fl = sensory magnitude, S is the physical stimulus, k is a 
constant, and n is the exponent. The equation of the line in figure 3 
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is log 't' = .0941 + 1.05 log S. In this case the slope of the line 
which gives the exponent of the power function is 1.05. Thus, sub-
jective magnitude of extent of movement is a positively accelerated 
function of stimulus magnitude and this equation holds over the entire 
range of movement lengths examined. 
The median results of each individual subject can be fitted 
equally as well by a straight line in a log-log plot indicating that 
the relationship 'f = KSn holds for each subject and that the 
function in Figure 3 is not an artifact that depends upon the 
averaging of data. The exponents differ somewhat from subject to 
subject, but this is to be expected.(ll) In any case, it is the 
shape of the function and the reaction of the typical (median) ob-
server that is of primary concern here and not the fact that people 
differ. Figure 4 presents the plot of the twelve individual curves. 
The particular grouping used, i.e., the four curves to a graph has 
no significance other than an attempt to group four functions which 
were enough dissimilar to permit them to be distinguished on the 
graph. These curves were fitted by the method of least squares. 
Table I presents the slopes of the functions. The median slope of 
the individual functions is 1.045 which agrees with the composite 
median slope of 1.046. 
Table II presents the medians and semi-interquartile ranges 
for the composite function. As can be seen, the absolute variability 
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increases with the increased distance although the relative variability 
as indicated by the semi-interquartile range divided by the median 
decreases with increasing distance. This is typically the case when 
the task of the subject is to duplicate or fractionate an extent of 
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TABLE I 
Slope Parameters of Individual Magnitude 
Estimation Curves for 12 Subjects 
Subject Slope 
11 1.35 
1 1.22 
3 1.22 
7 1.20 
12 1.08 
6 1.06 
5 1.03 
10 1.02 
8 .96 
9 .96 
2 .94 
4 
.89 
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TABLE II 
Medians and Semi-Interquartile Ranges of 
Magnitude Estimations of Seven Extents of 
Movement 
STANDARD MOVEMENTS (INCHES) 
1 2 3 7 11 15 21 
Median Magni-
tude Estimation 1.20 2.70 3-85 9·70 14.75 20.09 30.45 
Semi-
Interquartile 
Range 
Relative 
Variability 
·33 .64 1.10 1.16 2.43 3-11 5-13 
28% 24% 29% 12% 16% 15% 17% 
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movement. While the absolute variability increases with length of 
movement the relative variability decreases.(5, 8, 22 ' 23, 24, 46) 
AI; can be seen, the median estimate of the standard movement 
9.6 is slightly lower than the value of 10 that is assigned to it at 
the beginning of the trials. This drift is slight. The direction of 
the drift is in the direction that might well be predicted on the basis 
of other studies using the method of magnitude estimation.(3l) The 
subject's estimation of the standard distance evidently increases with 
intervening judgments as demonstrated by the fact that they now call the 
7 inch movement something less than 10. Stevens has noted in a number 
of studies that when the standard stimulus is faint to moderate 
relative to the range being investigated it is often remembered by the 
subject as being stronger than it actually is. On the other hand, a 
standard stimulus of considerable strength is remembered as being less 
intense.( 3l) In this case the standard of 7 inches was only one-
third the length of the range investigated. 
While Stevens has amply demonstrated that varying the level of 
the standard can slightly effect the slope of the function, it has also 
been shown that its form remains a power function. Furthermore a good 
deal of evidence is starting to accumulate which dem:mstrate~ that the 
subject need not be given any standard, for determining the magnitude 
estimation relationship. ( 31 ' 26 ) The experimenter merely presents the 
subject with a finite series of stimuli and instructs the subject to 
assign numbers to them which are proportional to their magnitude. Of 
course this procedure creates problems for averaging the data, but the 
results are consistent with the notion that sensory magnitude grows as 
a power function of the stimulus. 
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A Scale of Subjective Extent of Movement 
The curve in Figure 3 can be used to construct a scale of subjective 
extent of movenent. The unit will be called the Kine from the term 
kinesthesis and will represent the subjective magnitude of a movement 
one inch in length. The relation of Kines to inches is presented in 
Figure 5. He can express the relation of Kines to inches of movement 
by the equation K = Il.05 Where K is Kines and I represents inches 
of movement. It can be seen from the Kine scale that equal stimulus 
ratios produce equal subjective ratios. A ratio 1:1.94 on the stimulus 
scale produces a subjective ratio of 2:1 and this relationship remains 
constant over the entire extent of the scale. 
B. Ratio Production 
Another technique often used for the direct assessment of sub-
jective magnitude is that of ratio production, more commonly referred 
to as the fractionation methods which employ such operations as "halving" 
or 11 d.oubling."(l2 , 14 ' l7, 21 ' 35) With these methods the subject 
adjusts a variable stimulus to some prescribed ratio of a standard 
such as 1/4, 1/2, 3/4, 2, 3, 4, times. Since the scales resulting from 
these procedures are considered ratio scales of subjective magnitude, it 
has become common procedure to compare the scales produced by magnitude 
estimation with those produced by ratio production. Theoretically the 
results produced by these two techniques should coincide. They rarely 
~ (26, 35, 39, 42) 
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In order to compare the results of the magnitude estimation 
procedures with those of ratio production procedures, the subject was 
given the task of halving and doubling movements of various extents. 
For one procedure the subjects were required to half movements of six 
different extents namely, 1, 3, 7, 11, 15, and 21 inches. The subject 
would move the length of the standard twice and then would attempt to 
make an extention movement one-half the length of the standard. Each 
of the twelve subjects made seven halving estimations of each of the 
seven standards. 
For the multiplication or doubling procedure, the subjects were 
given the task of doubling five different extents of' movements of 1, 
2, 3, 7, and 11 inches. The subject would make the standard movement, 
then attempt to make an extension movement of twice the length of the 
standard. Each subject made seven doubling estimations for each 
position. 
Figures 6 and 7 present the median distance judged as "half!! or 
"double" the standard movement. A13 can be seen, the halving judgments 
can be fitted quite well to a straight line on a log-log plot. The 
x's along the regression line represent halving judgments from a study 
of Spragg, Devoe, and Davidson.( 23, 24 ) Despite the fact that their 
task was somewhat different than the one in the present experiment 
there is a high degree of consistency between the two sets of data. 
The doubling data, however, does not seem to follow a straight line. 
The point at 5 inches was derived from an earlier exploration experiment 
and represents the median of 24 doubling estimates made by six subjects. 
44. 
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It is put in simply to fill in the function. The data in Figures 6 and 
7 are presented in tabular form in Tables III and IV. 
A more revealing analysis can be made of the data by reference 
to Figure 8. The heavy upper line represents a 2 to 1 relation between 
the variable and the standard movement in inches. This line can be 
used to evaluate the doubling settings made by the subjects. The lower 
line represents a .5 to 1 relation between the variable stimulus and 
standard and can be used as a base against which to evaluate the halving 
judgments. The slopes of these lines are 1. Both the fractionation 
and the halving judgments could be plotted together along the upper 
(2:1 ratio) line by simply relabelling the ordinate as 11 larger movement11 
and the abscissa as 11 smaller movement. 11 This, however, would make it 
more difficult to compare the two types of judgments. 
Under the conditions of this experiment it can be seen that 
subjects perform more accurately in terms of adjusting to the prescribed 
ratio by the operation of halving than by doubling. The median plots 
for halving are very close to the 11 ideal11 line. 
When the subject is asked to halve a movement under seven inches 
in length the results indicate that he overestimates these distances. 
This finding is consistent with the results of studies on other sensory 
modalities as well as other studies using blind positioning movements 
which indicate that smaller stimuli are overestimated and larger ones 
underestimated.(5, 8' 9, l7, 21 ' 23, 24 ' 3l) With this fact in mind 
the overestimation of 11 one-half11 extents at the shorter end of the 
continuum is consistent with the fact the standards are remembered as 
being larger than they are. Similarly in the investigation of loudness, 
Stevens found that loud tones are underestimated and soft ones over-
47. 
TABLE III 
Medians and Semi-Interquartile Ranges of Distances of Movements 
Judged to Be One-Half The Distance of Six Standard Movements 
STANDARD :MOVEMENT (INCHES) 
1 3 7 11 15 21 
Median Distance 
Judged Half 
(Inches) .63 1.63 3.63 5·25 7·33 11.00 
Semi Interquartile 
Range (Inches) .07 .32 ·50 ·56 .88 1.25 
Relative Variability 11% 20% 14% 10% 12% 11% 
TABLE IV 
Medians and Semi-Interquartile Ranges of Distances of Movements 
Judged To Be Twice the Distance of Five Standard Movements 
STANDARD MOVEMENT (INCHES) 
1 2 3 7 11 
Median Distance 
Judged Double 2.87 5-50 7.13 14 18 
(Inches) 
Semi Interquartile .71 .94 1.13 1.31 1.21 
Relative Variability 25% 17% 19% 9% 7% 
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estimated, and that the typical observer adjusted a comparison stimulus 
a little too high when it was in the low range and a little too low 
when it was in the high range.( 2l, 3l) 
The phenomena described above becomes even more pronounced when 
the doubling data in this study is examined. Once again, the subjects 
overestimated the small movements and underestimated the large ones but 
now to a greater extent when attempting to double the distance. This 
effect has been found by other investigators employing the techniques 
f "hal · 11 d "do bl• n(l7, 21 ' 26 ) Wh t t• th t o VJ.ng an u J.ng. en con ras J.ng e wo 
methods (halving vs. doubling) it will be noticed in Figure 8 that 
the last point on the doubling curve is greatly underestimated, i. e., 
when the subject went on to double an eleven inch movement, he made 
his settings much too short. Probably a portion of this error is due 
to effects other than this "range" effect (overestimation of small 
movements, etc.). Specifically, it was noted by the experimenter that 
when subjects were given the eleven inch movement and then told to double 
50. 
its extent many of them showed surprise or expressed concern as to whether 
or not they could reach it. In reality if they did double this movement 
exactly they would have been nearing the limits of their arm reach. 
For this reason it is believed that this particular judgment was un-
usually distorted. Figure 9 allows an even closer comparison of the 
size of the error for each type of judgment by showing the amount of 
change necessary in the comparison stimulus to bring it into the proper 
relation, i. e., .5:1 for halving, 2:1 for doubling. The required change 
in the doubled movement is greater than for the halved movements except 
at the seven inch standard. 
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The discrepencies found between the halving and doubling pro-
cedures are consistent with and no greater than those found with these 
techniques in the investigation of other sense modalities. For example, 
Hanes using these techniques to develop the subjective brightness scale, 
the "bril" scale, found,agreement between the estimates of "one half" as 
bright and "twice" as bright to be best in the middle of the brightness 
range. In the present study this type of agreement was found for the 
7 inch standard. Similarly, Hanes reported the overestimation at 
short ranges and the tendency for nearly all doubling estimates to give 
higher brightness ratios (between standard and estimated brightnesses) 
than did the fractional one. (l7) 
The question now arises, is it possible to construct a subjective 
scale similar to the one developed from the method of magnitude esti-
mation. Two such scales, one from the halving data, and one from the 
doubling data were constructed by the following technique: (l6, 44 ) 
Examination of the halving data (Figure 6) revealed that a 1 
inch movement was judged as one half the distance of 1.80 inches; 
accordingly 1 inch was assigned the value of 1 and 1.8o inches the value 
of 2. Similarly a movement of 1.80 inches was judged to be half the 
length or 3.35 inches. Accordingly, 3.35 inches was assigned the value 
4, it being twice as great as the movement assigned the value of two. 
This procedure was carried on up the scale and the distances to which 
the values of 8 and 16 could be assigned were found. The scale re-
sulting from this procedure can be seen in Figure 10. It is the 
uppermost line lvith a slope of 1.08. This line was fitted by the method 
of least squares and the Y-intercept corrected so that a distance of 
1 inch equaled 1 on the su,ojecti ve scale. 
52. 
Going to the doubling data (Figure 7) it can be seen that a 
movement of 2.87 inches was estimated as twice as great as a 1 inch 
53· 
movement. Therefore, a value of one was assigned to 1 inch and a value 
of 2 was assigned to a 2.87 inch movement and so on up the scale. The 
procedure resulted in the lower function in Figure 10, it being fitted 
in the same manner as the 11 halving" line. The slope of this line is 
• 78. The dashed line between the "halving11 and "doubling" lines is the 
Kine scale. 
The psychophysical function resulting from the "halving" data 
agrees quite well with the Kine scale. The exponent is slightly larger 
than that obtained by the method of magnitude estimation as would be 
expected on the basis of other studies in which the procedures of 
magnitude estimation and ratio production are compared.< 26 ' 35, 42 ) 
The function obtained from the doubling data, however, appears 
to be quite different in slope from that of magnitude estimation and 
ratio production employing the operation of halving. It is noteworthy 
that most subjects did not seem as confident in making this judgment as 
they did in making the others. Most of them made some remark about 
this procedure being "more difficult. 11 The difficulty encountered in 
doubling the 11 inch standard has already been mentioned. 
Whatever the reason, the discrepency between the curve derived 
from the doubling data and those derived from other techniques seem 
large enough to warrant skepticism concerning the use of the present 
doubling data for the purpose of scaling subjective magnitude. 
C. Category Rating Scales 
When an individual judges a series of stimuli in terms of a set 
of number or categories the result is a category rating scale.( 4l) 
Essentially the observer sorts a series of stimuli into a finite number 
of categories at equal intervals. The usual procedure is to present 
the observer with the stimuli which are at the extremes of the continuum, 
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assign numbers to them, say 1 and 11, and then have the subject sort the 
stimuli or partition the continuum on a scale from 1 to 11. Extensive 
evidence from a number of sensory continua suggests that the form of 
the category scale when plotted against a scale of magnitude estimation 
is different on prothetic and metathetic continua.(33, 41 ) In fact, 
it is in accordance with the way the category scale behaves that Stevens 
labels a continuum as prothetic or metathetic. AI:; noted in the 
introduction, when a category scale plotted against a ratio scale of 
subjective magnitude concaves downward, it is regarded as prothetic 
continuum. On the other hand, when plotted against a ratio scale of 
a metathetic continuum the category scales may be linear, indicating 
that sensitivity measured in subjective units is relatively constant 
over the extent of the scale.(33) 
In an attempt to classify the particular continuum under study as 
either prothetic or metathetic a category rating procedure was conducted. 
The method of category production was used. Recent evidence indicates 
that this method, which is the inverse of category rating, produces 
category scales which are free from many of the biases and distortions 
that occur with category rating.C 26 ' 35) 
The subject was given 2 inch movement and a 19-inch movement 
and was told that these movements belonged to categories "1" and "7" 
respectively. He was then asked to make movements which belonged to 
one of seven equally spaced categories. For example, the experimenter 
would say "seven" and the subject would make a movement which he felt 
belonged to the seventh category. Each of the twelve subjects made 
12 estimations for each of the seven categories. 
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The results are presented in Table V and Figure 11. From Figure 
11, it can be seen that when plotted against the scale of subjective 
movement in kines the category judgments are linear. When measured in 
subjective units sensitivity remains constant over the extent of the 
continuum. This would suggest that subjective extent of movement belongs 
to the continuum Stevens calls metathetic. 
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TABLE V 
Median and Semi-Interqua.rtile Ranges of Distance of Movements Judged 
As Belonging to One of Seven Categories 
1 2 3 4 5 6 7 
Median Distance 
of lvbvement 2.33 4.87 7.63 10.87 14 16.50 19.00 
Semi-Interqua.rtile 
Range 
·73 1.27 1.31 1.60 1.18 .87 1.04 
Relative 
Variability 31% 26% 17% 15% 8% 5% 5% 
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Chapter 4 
Summary and Conclusion 
An experiment was conducted for the purpose of quantifying an 
attribute of kinesthetic sensation, namely extent of movement. A scale 
of subjective magnitude for extent was developed employing blind 
positioning movements and the psychophysical techniques of magnitude 
estimation and ratio production (doubling and halving). The resulting 
sensory continua were compared and evaluated. In an attempt to label 
the resulting sensory continuum according to the classification pro-
posed by s. s. Stevens, a category scale for the same continuum, 
extent of movement, was developed using the psychophysical method of 
category production. This scale was compared with the scale of sensory 
magnitude. 
The most obvious conclusion that can be drawn from this 
experiment and one in which the highest degree of confidence can be 
placed is that the subjective magnitude of extent of movement made in 
the horizontal plane grows as a power function of the physical extent 
of the movement. This finding is in keeping with the results of in-
vestigations on at least fifteen other sensory continua.(lB, 26 ' 27, 33, 
38, 4o, 41, 43) The results suggest that the form of the psychophysical 
law relating the magnitude of sensation to stimulus intensity is; 
where; 
~ = sensory magnitude 
I = stimulus intensity 
k = constant 
n = exponent of the power function which differs on various 
continua 
The implication of this relationship is that equal stimulus 
ratios produce equal subjective ratios. For example, in order to make 
one movement seem one-half as long as another, it should be reduced by 
52% and this relation holds over the entire length of the continuum 
that was investigated. The approximate relationship that relates 
subjective movement to extent of movement in physical units can be 
expressed by: 
where: 
K = "Kines" ••• the unit of the subjective scale; 1 kine equaling 
the subjective extent of a movement one inch in length 
I = physical movement in inches 
The evidence concerning the shape of the function is further 
enhanced by the fact that each of the twelve subjects in this experiment 
gave individual curves which were power functions, i. e., the form of 
the individual functions were the same, showing that the form of the 
kine scale is not an artifact that depends upon averaging the individual 
data. 
Adding further evidence to the generality of the power law is 
the fact that when ratio production (fractionation) techniques (halving 
and doubling) were used to determine the psychophysical function the 
60. 
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results of the halving procedure were in general consistent with the Kine 
scale. There were, however, inconsistencies in the individual data for 
halving versus doubling, although the nature of the inconsistencies 
were similar to those previously found in similar investigations of 
. (17 21 26) 
other sensory cont~nua. ' ' However, the results of the present 
fractionating procedures showed a high degree of similarity to the 
results of the well known experiments on positioning movements by 
Spragg, Devoe and Davidson which employed the procedure of halving move-
ments. (23 ) 
The fact that the subjective estimates of magnitude of movement 
is related to physical extent of movement is not too surprising. In 
the first place, this relationship has been found in numerous other 
sensory continua. Secondly, this is the relationship found on the 
three previously reported subjective magnitude scales which involve or 
are in part dependent on kinesthetic sensation, the nvegn scale for 
heaviness, the npakn scale for finger span and the unnamed scale for 
f h d · (26, 41, 43) H th K. al d.ff f force o an gr~p. owever, e ~ sc e ~ ers rom 
these latter scales in two important ways: (1) Whereas the exponents of 
the other three continua Ere fairly large, the exponent of the Kine 
scale is very close to unity. (Table VI) Subjective extent of movement 
grows as a function of physical movement at a very slightly accelerated 
rate. This is suggestive of a metathetic continuum; (2) the other 
three scales are definitely prothetic continua as evidenced by the fact 
that category scales of these continua all concave downward when 
plotted against the respective ratio scales. However, the category 
scale for extent of movement, as seen in Figure XI, is linear 
TABLE VI 
Sensory Continua Mediated By Kinesthesis on Which Sensory Magnitude 
Is A Power Function of The Stimulus 
62. 
Continuum Name of Unit Exponent of Power Function 
Heaviness Veg 
Finger Span Pa.k 
Force of Handgrip 
Extent of Arm Movement Kine 
1.45 
1.33 
1.7 
1.05 
when plotted against the lHne scale, indicating that discriminal 
sensitivity is comparitively uniform over the length of the scale. 
The present evidence seems to indicate that extent of movement should 
join the ranks of visual position, visual inclination, visual proper-
tion, and pitch, and be classified as a metathetic continuum. However, 
it should be kept in mind that the criterion for metathetic is not 
always as clear-cut as that for prothetic. Furthermore, as Stevens 
states, a particular continuum may not fall clearly into one of the 
other category, but may in reality be a combination of both. Such 
continua have been found.C33, 41) 
The present uncertainty as to whether or not we are dealing with 
a metathetic continua arises from lack of knowledge concerning the size 
of the JND for extent of arm movement. If there were data showing 
that the subjective size of the JND remains fairly constant over the 
extent of the scale, then it could be said with confidence that extent 
63. 
of movement is a metathetic continua. Neveretheless, certain references 
may be drawn on the basis of existing data. 
In order for the subjective size of the JND to remain constant 
over the range of this continuum (as it should if it is metathetic) the 
absolute size of the JND would have to remain about the same. This can 
be easily determined from the equation defining the "Kine" scale. This 
also means then that Weber's law must be shown not to hold. On the 
basis of the available evidence this seems fairly evidence. The difficulty 
determining the size of the JND stems from the fact that different 
investigators, if they mention it have used different measures to arrive 
at the JND. Moreover, none of the investigations of positioning move-
ments has been directly concerned with determining the size of the 
JND. Rather, it has been computed on a post hoc basis where the 
measures of dispersion or variability have been taken as an index to 
the size of the JND. When this has been done, one finding seems 
fairly consistent, namely, the relative variability decreases, indicating 
that the absolute size of the variable measure must remain about the 
same or increase only slightly as distance of movement increases. 
On the basis of such evidence, it would seem reasonable to conclude 
that the subjective extent of movement is a metathetic continuum. 
64. 
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An Experimental Quantification of 
Kinesthetic Sensation 
Abstract 
Especially lacking for kinesthesis is knowledge concerning the 
nature of its psychophysical relationships. With a few exceptions 
there has not been developed for kinesthetic sensation the scales of 
sensory magni tud.e, as found for other sense modalities. 
Accordingly, an experiment was conducted for the purpose of 
quantifying an attribute of kinesthetic sensation, namely extent of 
movement. Using a similar approach to sensory quantification as that 
employed by S. ;3. Stevens, a ratio scale of sensory magnitude for 
this attribute 'was developed employing blind positioning movements 
and the psychophysical techniques of magnitude estimation and ratio 
production. Blind positioning movements being free of other sensory 
cues, provide a direct index of kinesthetic sensitivity. 
With magnitude estimation the subject assigns numbers to a finite 
series of stimuli under instruction to make the numbers proportional 
to the apparent magnitude of sensation. In the present experiment 12 
subjects made a standard movement, seven inches in length, and were 
told to call it 10. They then made a random series of blind position-
ing movements ranging from 1 to 21 inches in length and were required 
to assign numbers to the movement which were proportional to their 
length. The results demonstrated that subjective estimates of magni-
tude of movement in the horizontal medial plane grow as a power function 
of the stimulus distance. This type of relationship between subjective 
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magnitude and E:tinruJ.us magnitude has been found on many sensory con-
tinua. From the magnitude estimation data a scaJ.e of subjective 
magnitude of e~tent of movement, the Kine scaJ.e was developed. 
The scale unit, the Kine, was defined as the subjective magnitude 
The relation of Kines to inches is of a movement 1 inch in length. 
1.05 K = I where K = Kines and I = inches. 
To substantiate this function and determine which psychophysical 
method was most feasible for the quantification of extent of movement 
the traditional psychophysical technique of fractionation was employed. 
The subject was required to make a movement of either one-half or 
twice the lengt:n of a standard movement. The results of this procedure 
in general agreed with those of magnitude estimation giving further 
evidence to the generality of the power law. There were, as reported 
by others, inconsistencies in the individual data for "halving" versus 
"doubling." 
In addition to the psychophysical power law Stevens has presented 
the argument that sensory continua can be classified as belonging to 
one of two classes of continua which he has labelled prothetic and 
metathetic. The main criteria for classification into one of these 
two groups is the manner in wMCh a category rating scale of a sen-
sory continuum behaves when plotted against a scale of subjective mag-
ni tude of the same continuum. When a category scale plotted against 
a ratio scaJ.e of subjective magnitude concaves downward the continuum 
is regarded as prothetic. The implication of this is that discriminal 
sensitivity is non-uniform over the extent of the scale. On the other 
hand, when plotted against a ratio scale of a metathetic continuum 
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the category scale may be linear indicating that sensitivity measured in 
subjective units is relatively uniform over the extent of the scale. 
To enable classification of the continuum for extent of movement 
as either prothetic or metathetic a category scale for extent of 
movement was developed. The resulting category scale when plotted 
against the Kine scale was linear, indicating that subjective extent 
of movement is a metathetic continuum. 
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